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SUMMARY 

A  computerized  vibration  analysis  system  consisting  of  hardware 
purchased  by  the  Royal  Australian  Navy  and  software  developed  by 
Aeronautical  Research  Laboratory  has  been  installed  at  NAS  Nowra.  The 
primary  purpose  of  the  system  is  to  detect  incipient  failure  of  Wessex 
helicopter  main  rotor  gearbox  input  pinions. 
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1.  INTRODUCTION. 

This  guide  is  intended  to  aid  the  operators  in  the  use  of  the  RAN 
Computerized  Vibration  Analysis  System  installed  at  NAS  Nowra.  This  system  has 
been  designed  to  provide  early  failure  detection  for  the  Wessex  main  rotor 
gearbox  input  bevel  pinion.  Signal  averaging  and  enhancement  techniques  are 
used  on  in-flight  vibration  recordings  to  give  an  assessment  of  the  input 
pinion  condition.  The  system  is  menu  driven  and  also  provides  facilities  for 
file  management,  floppy  disk  handling  and  system  updating.  It  provides  an 
operating  environment  which  requires  no  user  knowledge  of  the  computer's 
native  operating  system. 

The  main  body  of  this  guide  provides  instructions  for  the  normal  use  of  the 
system.  Some  rarely  needed  but  Important  guide-lines,  such  as  how  to  install 
the  system,  are  given  in  the  Appendices. 

2.  STARTING  THE  STSTEH. 

The  system  has  been  designed  to  automatically  enter  the  Wessex  Pinion 
Signal  Averaging  menu  at  start  up.  To  eliminate  possible  problems  in  starting 
(booting  up)  the  system,  the  following  sequence  should  be  used: 

(a)  Connect  the  tape  recorder  to  the  Brickwall  filter  (Channel  2  of  the 

tape  recorder  to  channel  1  of  the  filter,  Channel  4  of  the  recorder  to 

channel  2  of  the  filter). 

(b)  Switch  on  the  filter. 

(c)  Check  that  there  is  no  floppy  disk  In  the  disk  drive.  Floppy  disks 
should  never  be  left  in  the  drive  while  the  computer  is  off. 

(d)  Switch  on  the  computer  at  the  power  point. 

(e)  Place  the  key  in  the  lock  on  the  front  panel  of  the  computer  and  turn 

it  clockwise.  The  computer  should  now  go  through  its  boot  (startup) 

procedure  and  ask  for  today's  date.  Before  you  enter  the  date... 

(f)  ...switch  on  the  printer.  Ensure  that  the  paper  perforations  are  just 
above  the  print  head  before  you  turn  the  printer  on,  otherwise  output 
may  not  be  correctly  aligned  on  the  page. 

(g)  Enter  the  date  (this  is  in  the  form  3-MAR-88,  20-JUL-88  etc.)  and 
press  the  RETURN  key.  The  computer  will  now  ask  for  the  time;  this  is 
optional.  You  can  either  enter  the  time  in  the  form  8:30,  9:15  etc., 
or  Just  leave  it  blank  and  press  the  RETURN  key. 

The  system  should  now  display  the  Wessex  Pinion  Signal  Averaging  menu. 

3.  WESSET  PINION  SIGNAL  AVERAGING. 

The  major  function  of  this  system  is  to  detect  era.  in  the  input  pinion 
of  the  Wessex  main  rotor  gearbox ,  although  it  is  intended  that  other  analysis 
functions  will  be  added  in  the  future  (e.g.  analysis  of  other  Wessex  gears  as 
well  as  Sea-King  and  possibly  Sea-Hawk  gears).  As  you  will  rarely  need  to  use 
other  menus  at  present,  the  system  enters  the  Wessex  menu  directly  to  save 
time  (see  Figure  1). 

On  the  screen  you  will  see  'RAN  VIBRATION  ANALISIS  SYSTEM'  in  large  type 
across  the  top.  Below  this  is  a  'status'  line  containing  the  words: 


v 


'Version'  followed  by  a  number  in  bold  type.  This  identifies  the 
current  software  version  installed. 

'Wessex  Pinion  Signal  Averaging'  in  bold  type  in  the  middle  of  the 
line.  This  tells  you  which  part  of  the  system  you  are  currently 
running. 

'File'.  This  indicates  the  file  which  is  currently  selected.  Initially 
nothing  will  follow  this,  but  when  you  select  or  create  a  file, 
the  name  of  the  file  will  be  displayed  in  bold  type. 

At  the  bottom  of  the  screen  will  be  a  line  which  gives  brief  instructions 
on  how  to  use  the  current  menu. 

In  the  middle  of  the  Wessex  menu  you  will  see  a  number  of  options  which  you 
can  select  by  moving  the  cursor  onto  the  one  you  require.  To  move  the  cursor, 
use  the  cursor  keys  on  the  keypad  immediately  to  the  right  of  the  main 
keyboard.  The  computer  will  beep  if  you  hit  a  key  it  doesn't  recognize.  When 
the  cursor  is  on  the  option  you  require,  press  the  RETURN  key. 

4.  WESSEX  VIBRATION  DATA  INPUT  AND  ANALYSIS. 

To  input  vibration  data  from  a  Wessex  recording  and  analyse  it,  select  the 
AUTO  function  from  the  Wessex  Pinion  Signal  Averaging  menu.  This  will 

automatically  read  vibration  data  from  the  tape  recorder,  calculate  the  signal 
average  and  perform  the  analysis. 

The  computer  will  ask  you  to  enter  details  of  the  gearbox  and  particulars 
of  the  recording  (date,  tape  number,  torque  etc.).  It  will  usually  be 

necessary  only  to  analyse  the  recording  with  the  largest  torque. 

NOTE:  Only  recordings  for  WESSEX  gearboxes  should  be  used.  Attempts  to 
analyse  vibration  from  other  gearboxes  will  produce  invalid  results. 

To  ensure  correct  operation  of  this  procedure,  follow  these  steps. 

(a)  Wind  the  tape  to  the  correct  meter  location.  Make  sure  that  it  is  the 
right  tape. 

(b)  Double  check  the  tape  by  listening  to  the: 

•  Vibration  signal  on  channel  2  -  make  sure  it  is  present. 

•  Alternator  signal  on  channel  4  -  this  should  be  a  constant  hum 

-  if  there  is  no  alternator  signal,  the  recording  cannot  be  used. 

•  Voice  track  on  channel  1.  If  present  this  should  give  a  further 
cheek  on  correct  tape  location. 

(c)  After  you  are  sure  the  tape  is  OK,  stop  the  tape  at  the  correct 
location  (slightly  after  the  start  of  the  recording),  and  switch  the 
speed  to  1.5  ips. 

(d)  After  the  tape  details  are  entered,  the  computer  will  ask  you  to  start 
the  tape  and  press  the  RETURN  key.  Do  this.  The  computer  will  now  read 
data  from  the  tape. 

(e)  When  the  computer  has  read  in  enough  data,  it  will  ask  you  to  stop  the 
tape  recorder  (do  so)  and  it  then  asks  for: 
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Range  Scale  -  this  is  the  range  scale  setting  of  the  accelerometer 
amplifier  (listed  in  the  right  hand  column  of  the  Aircraft 
Vibration  Analysis  Record  Sheet).  Usually  it  is  50  g/V,  if  so, 
just  press  RETURN,  otherwise  type  in  the  value  before  pressing 
RETURN. 

Gain  Setting  -  this  is  the  position  of  the  'Gain'  knob  on  channel  1  of 
the  Brickwall  filter.  It  should  normally  be  set  to  'O'dB  in  which 
case  press  the  RETURN  key.  If  it  is  not  set  at  'O’,  type  in  the 
setting  and  press  RETURN. 

The  computer  scales  the  data  according  to  the  Range  Scale  and  Gain  Settings 
you  have  entered,  in  preparation  for  the  signal  averaging.  This  will  take  a 
few  minutes.  You  will  see  the  message  'Scaling  Rotation  Data',  indicating  that 
the  alternator  signal  from  channel  4  of  the  tape  13  being  scaled  and  checked. 
This  will  be  followed  by  the  message  'Scaling  Vibration  Data',  indicating  that 
the  computer  is  scaling  and  checking  the  vibration  data  from  channel  2  of  the 
tape. 

After  the  scaling  is  completed,  the  screen  will  clear  and  the  words 
'Calculating  Average'  will  be  displayed  on  the  status  line.  The  signal  average 
is  now  being  calculated  and  you  will  not  be  required  to  do  anything  for  a 
while.  NOTE:  While  the  average  is  being  calculated  the  word  'Working'  will 
flash  on  and  off  in  the  top  left  of  the  screen,  just  below  the  version  number. 
This  indicates  that  everything  is  working  correctly. 

After  the  calculation  of  the  signal  average  has  been  completed,  the  data 
will  be  analysed  to  assess  the  condition  of  the  input  pinion.  A  graph  will 
appear  on  the  screen  and  remain  there  for  a  few  minutes;  don't  worry,  the 
computer  hasn't  stopped,  it  is  just  formatting  the  graph  so  it  can  be  plotted 
on  the  printer. 

At  the  end  of  the  analysis,  the  computer  will  print  the  results  and  return 
to  the  Wessex  Pinion  Signal  Averaging  Menu.  The  file  name  of  the  newly  created 
signal  average  will  appear  in  bold  type  in  the  'File'  section  of  the  status 
line  to  Indicate  that  it  is  also  the  currently  selected  file.  You  can  now 
analyse  further  data  or  perform  other  functions. 


5.  OUTPUT  -  WESSEX  PINION  SIGNAL  AVERAGES. 

5.1  The  Signal  Average. 

When  you  run  the  Wessex  Pinion  Signal  Averaging  AUTO  or  ANALYSE  AVERAGE 
command,  you  will  receive  an  output  on  the  printer  which  will  contain  a  graph 
of  the  signal  average,  identification  of  the  source  of  the  data  and  assessment 
of  the  condition  of  the  input  pinion  (refer  to  Figure  3). 

(a)  The  Graph:  The  graph  plotted  is  the  'signal  average'  of  the  input 

pinion.  This  should  normally  have  a  number  of  peaks  and  troughs  which 
i3  an  integral  multiple  of  22  (i.e.  22,  44,  88  etc.).  The  graph 

represents  the  vibration  produced  by  one  complete  revolution  of  the 
input  pinion,  which  has  22  teeth. 

(b)  RMS  Level:  This  is  the  RMS  level  (in  g's)  of  the  signal  average. 

(c)  Largest  Component:  This  is  the  dominant  component  of  the  signal 
average  given  as  a  number  of  'orders'.  The  number  of  orders  represents 
the  frequency  of  an  event  per  revolution  of  the  gear.  Therefore,  if 
the  largest  component  is  listed  as  22  orders,  this  indicates  a 
frequency  of  22  times  per  revolution  of  the  gear  (i.e.  the  tooth 
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meshing  frequency).  The  largest  component  listed  will  normally  be  an 
integral  multiple  of  22. 

(d)  Band  pass  lower  and  upper  limits:  These  are  the  limits  (in  orders)  of 
the  ’band  pass  filter'  applied  in  the  analysis  of  the  signal  average. 
These  will  normally  be  14  orders  either  side  of  the  largest  component. 
The  bandpass  filtering  is  part  of  a  signal  enhancement  technique 
developed  at  ARL  for  the  assessment  of  the  condition  of  the  Wessex 
input  pinion.  This  enhancement  gives  a  representation  of  the  variation 
in  tooth  meshing  action  during  one  complete  revolution  of  the  gear. 

(e)  Kurtosis:  The  'Kurtosis'  value  is  a  statistical  indicator  used  in  the 
assessment  of  the  condition  of  the  input  pinion.  It  measures  the  non¬ 
uniformity  of  the  enhanced  signal  average. 

(f)  Condition:  The  ’Condition*  is  given  based  on  the  Kurtosis  value.  A 
condition  of  ••GREEN*1  (kurtosis  less  than  3.5)  indicates  that  there 
is  no  substantial  difference  in  the  meshing  of  each  tooth,  ••AMBER** 
(kurtosis  between  3.5  and  4.5)  indicates  that  there  may  be  a  problem 
with  the  gear  and  **RED**  (kurtosis  greater  than  4.5)  indicates  more 
certainly  that  there  is  a  problem  with  the  gear. 

5.2  Phase  Plot. 

A  further  analysis  technique  is  provided  which  is  referred  to  as  the  PHASE 
PLOT.  This  function  can  be  used  to  confirm  the  presence  (or  absence)  of  a 
crack  when  the  condition  assessment  is  in  the  **AMBER**  or  ••RED**  ranges,  as 
will  be  explained  later. 

Selecting  the  option  marked  PHASE  PLOT  will  produce  the  phase  plot  for  the 
currently  selected  file.  NOTE:  the  selected  file  name  is  displayed  in  the 
’file*  section  of  the  status  line.  If  this  is  not  the  required  file  or  is 
blank,  you  must  select  the  correct  file  before  running  this  function  (see 
SELECTING  A  FILE). 

The  phase  plot  is  drawn  on  the  terminal  screen  and  the  program  waits  for 
the  user  to  hit  a  key.  The  computer  will  NOT  prompt  for  an  input  at  this  stage 
as  any  prompt  would  corrupt  the  phase  plot. 

To  draw  the  phase  plot  on  the  printer,  press  the  letter  P.  The  computer 
will  beep  to  indicate  that  it  has  received  the  command.  The  letter  P  will  not 
appear  on  the  screen  as  it  would  corrupt  the  plot.  There  will  be  a  pause  of  a 
few  minutes  while  the  computer  formats  the  plot  for  output  to  the  printer,  and 
then  the  plot  should  appear  on  the  paper. 

If  you  don’t  want  to  plot  the  graph  on  the  printer,  hit  any  key  other  than 
P,  and  the  computer  will  return  to  the  Wessex  Pinion  Signal  Averaging  menu. 

6.  INTERPRETATION  OF  RESULTS  -  WESSEX  PINION  SIGNAL  AVERAGES. 

6.1  Interpretation  of  the  Signal  Average. 

The  information  given  in  the  automatic  analysis  of  the  signal  average 
provide  a  number  of  different  indicators  which  can  be  used  to  assess  the 
condition  of  the  Wessex  input  pinion. 

(a)  The  Graph:  Normally,  the  peaks  and  troughs  should  be  of  fairly  uniform 
height  and  shape  across  the  length  of  the  plot.  If  one  or  a  few  peaks 
stand  out  from  the  rest  (i.e.  much  larger  or  smaller),  this  could 
indicate  that  some  localised  tooth  damage  is  present.  This  type  of 
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fault  will  be  picked  up  by  the  'condition  assessment'  parameter  and 
you  should  follow  the  procedures  listed  under  'condition'  below. 

(b)  RMS  Level:  The  RMS  level  should  not  vary  greatly  from  previous  signal 
averages  for  the  same  gearbox.  If  large  increases  occur  in  the  RMS 
level  over  successive  recordings  for  the  same  gearbox,  it  could 
indicate  wear  on  the  input  pinion.  These  increases  should  also  be 
apparent  in  the  spectrum  analysis  and  would  normally  be  accompanied  by 
increases  in  the  iron  content  of  the  oil.  ARL  should  be  contacted  in 
the  event  of  large  increases  in  the  RMS  levels. 

(c)  Largest  Component:  If  the  largest  component  is  not  an  integral 
multiple  of  22,  you  will  see  a  line  below  this  saying  that  it  is  not  a 
meshing  component.  In  this  case,  it  probably  means  that  there  is 
something  wrong  with  the  recording.  Re-check  the  tape  to  ensure  that 
you  have  not  made  a  mistake.  If  everything  appears  OK,  delete  the 
current  signal  average  (see  DELETING  A  FILE)  and  repeat  the  recording 
procedure.  If  you  get  the  same  results,  inform  ARL  as  further  analysis 
of  the  data  will  be  needed. 

(d)  Condition:  If  the  condition  is  given  as  ••AMBER*11  or  ”RED”  follow 
the  procedures  given  below. 

WARNING:  Condition  ••GREEN”  does  not  mean  that  there  is  nothing 
wrong  with  the  gearbox  -  it  only  indicates  that  no  crack  exists  in  the 
input  pinion.  Analysis  of  the  frequency  spectrum  and  oil  samples 
should  still  be  used  to  determine  the  overall  condition  of  the 
gearbox. 

6.2  Condition  **AHBKR»»  or  »»RED»». 

If  you  have  a  condition  ••AMBER**  or  ••RED”  warning,  it  indicates  that 
there  is  an  inconsistency  in  the  meshing  of  the  gear.  This  can  be  due  to  a 
crack  in  the  gear,  localised  damage  to  a  tooth  surface  or  the  presence  of  a 
•ghost'  component.  You  will  need  to  look  at  the  PHASE  PLOT  of  the  signal 
average  to  determine  the  cause  of  the  problem  (see  'Interpretation  of  Phase 
Plot'  below). 

If  the  phase  plot  gives  no  indication  of  a  crack,  then  there  may  be  damage 
to  the  tooth  surface,  such  as  pitting.  If  this  i3  the  case,  you  should  have 

some  other  indication  such  as  an  increase  in  iron  in  the  oil  analysis.  This 

condition  is  not  as  serious  as  a  crack  and  the  iron  content  and  visual 

inspection  can  be  used  as  a  guide  to  the  degree  of  damage.  Note  that  this 

system  was  designed  specifically  to  detect  cracks  and  will  only  detect  pitting 
if  it  is  localised  to  a  small  number  of  teeth  -  it  will  not  detect  pitting 
which  is  uniform  on  all  teeth. 

Some  Wessex  input  pinions  have  a  'ghost'  frequency,  which  appears  to  be  a 
vibration  produced  by  errors  in  the  equipment  used  in  producing  the  gear.  The 
presence  of  the  'ghost'  frequency  does  not  indicate  a  problem  with  the  gear. 
However  it  occurs  at  25  orders  for  the  Wessex  input  pinion,  which  is  close  to 
the  fundamental  tooth  mesh  (22  orders).  If  the  largest  component  is  at  22 
orders,  the  'ghost'  can  have  a  disruptive  influence  on  the  analysis  and  cause 
misleading  results.  If  the  system  gives  a  warning  and  the  phase  plot  does  not 
show  the  characteristics  of  a  cracked  gear,  the  tape  should  be  sent  to  ARL  for 
further  analysis. 
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6.3  Interpretation  of  the  Phase  Plot. 

The  Phase  Plot  gives  a  further  indication  of  a  crack  in  the  input  pinion. 
When  you  produce  a  phase  plot,  you  will  see  a  graph  which  has  a  square  border 
and  a  small  cross  in  the  middle,  indicating  an  origin.  To  the  right  of  the 
origin,  you  will  see  a  bunch  of  squiggly  lines  which  appear  to  be  centred  on  a 
single  point;  this  is  the  phase  plot  of  the  signal  average  (see  Figure  4).  If 
one  or  more  loops  appear  to  come  out  of  the  main  bunch  in  the  direction  of  the 
origin,  then  this  indicates  that  the  gear  has  a  crack  (see  Figure  5). 

If  there  are  no  obvious  loops  coming  from  the  main  bunch,  then  the  gear  is 
not  cracked.  As  a  rule  of  thumb,  an  'obvious'  loop  will  protrude  about  twice 
as  far  from  the  centre  of  the  bunch  as  the  rest  of  the  loops. 


7.  STOPPING  THE  SYSTEM. 

Before  switching  the  system  off,  select  the  EXIT  function  from  the  Wessex 
Pinion  Signal  Averaging  or  Main  menu.  This  function  will  perform  system 
housekeeping  functions  (e.g.  transfer  any  new  files  to  floppy  di3k)  and  halt 
the  computer. 

You  can  shutdown  the  system  at  any  time  by  just  turning  it  off,  however 
this  will  leave  all  new  files  on  the  system  hard  disk.  These  can  clog  up  the 
system  if  you  never  perform  an  EXIT.  They  may  also  be  lost  in  the  event  of  a 
hard  disk  failure. 

After  EXITing  the  system,  make  sure  you  remove  any  floppy  disk  from  the 
disk  drive.  You  will  find  the  computer  has  stopped  and  will  not  respond  to  any 
input  from  the  keyboard.  Turn  the  key  anti-clockwise  to  turn  off  the  computer. 
You  can  restart  the  system  without  turning  off  the  computer  by  pressing  the 
RESTART  button  on  the  computer  front  panel. 


8.  SELECTING  A  FILE. 

To  select  a  file  (existing  signal  average)  for  use  with  the  ANALYSE  AVERAGE 
or  PHASE  PLOT  options,  follow  these  steps  from  the  Wessex  Pinion  Signal 
Averaging  Menu: 

(a)  Select  the  device  on  which  the  file  resides  by  using  the  SELECT  DEVICE 
option.  The  two  devices  from  which  you  can  select  a  file  are  'WP:'  and 
'DY:'.  These  are  the  Wessex  Pinion  hard  disk  area  and  the  floppy  disk 
drive  respectively. 

When  you  pick  SELECT  DEVICE,  the  current  default  device  (either  WP:  or 
DY:)  will  be  displayed  and  you  will  be  asked  whether  you  want  to 
change  device.  If  you  enter  I,  the  default  device  will  toggle  to  the 
other  device.  If  you  enter  N,  the  default  device  will  remain 
unchanged. 

(b)  Pick  the  SELECT  FILE  option.  A  list  of  signal  averages  on  the 
currently  selected  device  will  be  displayed  on  the  screen.  Move  the 
cursor  to  the  file  you  want,  using  the  cursor  keys,  and  press  the 
RETURN  key  to  select  the  file.  If  there  are  more  files  than  will  fit 
on  one  screen,  you  can  use  the  NextScrn  and  PrevScrn  keys  to  move 
between  screens.  If  you  decide  not  to  select  any  of  the  files,  press  Q 
to  return  to  the  Wessex  Pinion  Signal  Averaging  menu. 

When  you  select  a  file,  the  file  name  (preceded  by  the  device  name)  will 
appear  in  bold  type  in  the  'File'  section  of  the  status  line. 
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9.  DELETING  A  PILE. 

To  delete  a  signal  average,  select  the  DELETE  FILE  option  in  the  Wessex 
Pinion  Signal  Averaging  menu.  Use  this  with  caution  as  the  signal  average  you 
delete  will  no  longer  be  accessible.  This  function  should  only  be  used  to 
delete  a  signal  average  which  is  corrupted;  for  example,  if  you  inadvertently 
used  a  Sea-King  tape  instead  of  a  Wessex  tape. 

Choose  the  file  to  be  deleted  in  the  same  manner  as  selecting  a  file 
(described  above)  and  press  RETURN  to  delete  it.  The  computer  will  ask  for 
confirmation  before  deleting  the  file.  If  the  deleted  file  is  the  last  created 
or  selected  file,  as  will  often  be  the  case,  the  file  name  displayed  in  the 
status  line  will  be  replaced  by  a  row  of  dots  to  indicate  that  the  currently 
selected  file  has  been  deleted  and  is  no  longer  accessible. 

To  exit  the  DELETE  function  without  deleting  a  file,  press  Q  (for  Quit). 


10.  REPEATING  AN  ANALYSIS. 

To  repeat  the  analysis  if  the  original  results  have  been  lost  or  were  not 
printed  correctly  (due  to  printer  not  being  switched  on,  paper  misaligned 
etc.),  first  select  the  file  containing  the  signal  average  to  be  analysed  (see 
SELECTING  A  FILE)  then  select  the  ANALYSE  AVERAGE  option  from  the  Wessex 
Pinion  Signal  Averaging  menu.  This  performs  the  same  analysis  as  that  run  at 
the  end  of  the  AUTO  option. 


11.  PREPARING  NEW  FLOPPY  DISKS  FOR  USE. 

In  order  to  use  new  floppy  disks,  they  must  first  be  initialized.  To  do 
this  you  need  to  run  the  INIT  FLOPPY  option  in  the  We3sex  Pinion  Signal 
Averaging  menu  or  the  Main  menu.  You  should  ensure  that  you  have  at  least  one 
spare  initialized  disk  at  all  times. 

When  you  select  INIT  FLOPPY,  the  computer  will  prompt  you  to  insert  a  new 
floppy  disk  in  the  drive.  Place  the  disk  in  the  drive  and  close  the  door  then 
press  RETURN.  The  red  light  on  the  front  of  drive  should  come  on  and  the  drive 
will  make  a  slow  clunking  noise  -  this  is  normal.  The  initialization  will  take 
a  few  minutes.  If  anything  does  go  wrong  the  computer  will  give  you  a  message. 
After  the  disk  is  initialized  you  should  see  the  message: 

TDUP-I-No  bad  blocks  detected  DYO: 

This  indicates  that  the  disk  is  correctly  initialized  and  contains  no  bad 
blocks.  If  the  computer  indicates  that  there  are  bad  blocks  on  the  disk,  then 
discard  the  disk. 

The  computer  will  now  ask  if  you  wish  to  initialize  another  disk.  It  is 
recommended  that  whenever  you  get  a  new  box  of  disks,  you  initialize  ALL  of 
the  new  disks.  Place  a  blank  label  on  the  initialized  disks  to  identify  them 
as  empty,  initialized  disks. 

12.  MAIN  MENU. 

The  Main  Menu  will  provide  a  link  between  sub-systems  when  more  functions 
are  added  to  the  system  (see  Figure  2).  At  the  moment,  the  only  time  you  will 
ever  need  to  go  to  the  main  menu  is  when  you  need  to  install  an  updated  system 
or  to  make  a  copy  of  a  floppy  disk. 
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1  ,  13.  COPYING  A  FLOPPY  DISK. 

It  is  a  good  idea  to  periodically  copy  (back-up)  your  floppy  disks  to 

prevent  a  loss  of  data  if  a  floppy  disk  becomes  damaged.  You  may  also  need  to 

copy  a  floppy  disk  in  order  to  send  data  to  ARL  for  further  analysis  of  signal 
averages. 

•  Select  the  COPY  FLOPPY  option  from  the  main  menu.  To  move  to  the  main  menu 

from  the  Wessex  Pinion  Signal  Averaging  menu,  select  the  MAIN  MENU  option. 

;  The  computer  will  prompt  you  to  place  the  disk  to  be  copied  in  the  drive. 

Do  this  and  close  the  drive  door,  then  press  RETURN.  The  drive  light  should 
now  come  on  for  awhile,  while  the  computer  copies  the  disk  to  memory.  You  will 
then  be  prompted  to  place  a  new  disk  in  the  drive.  WARNING:  any  data  already 
L  on  this  disk  will  be  overwritten.  Remove  the  original  disk  from  the  drive, 

replace  it  with  the  new  disk  and  close  the  drive  door.  The  red  light  on  the 
drive  will  come  on  again,  and  you  will  hear  the  drive  working  a3  the  disk  is 
written  to.  When  the  copy  is  complete,  make  sure  you  label  the  new  disk. 

It  is  recommended  that  you  keep  two  copies  of  you r  Wessex  Pinion  Signal 
Averages  floppy  disks.  One  is  your  normal  working  disk  and  the  other  (with  the 
word  BACKUP  added  prominently)  being  a  backup  disk.  Each  week,  copy  the 
,  current  Wessex  Pinion  Signal  Averages  disk  to  its  backup  disk.  This  will 

maintain  two  copies  of  your  data,  in  the  event  that  one  di3k  becomes 
corrupted. 


14.  INSTALLING  A  NEW  SYSTEM. 

To  install  any  new  version  f  the  system  which  will  be  provided  from  time 
to  time  by  ARL,  select  the  INSTALL  NEW  SYS  option  in  the  MAIN  MENU.  The 
computer  will  ask  you  to  put  the  new  system  disk  in  the  disk  drive.  If  there 
is  more  than  one  disk,  put  the  one  marked  Disk  1  in  the  drive.  The  new  system 
will  then  install  itself  and  automatically  boot  up. 

NOTE:  Along  with  the  new  system,  you  should  receive  any  updates  required  to 
this  manual,  or  a  new  manual  replacing  this  one,  unless  the  system  is 
functionally  Identical  (i.e.  provided  only  to  fix  any  bugs  in  the  current 
system). 


15.  SEA-KING. 

By  selecting  SEA-KING  in  the  MAIN  MENU,  you  will  enter  the  Sea-King  menu. 
As  there  i3  no  Sea-King  sub-system  at  present  you  will  3ee  only  two  options; 
'Wessex'  and  'Main  Menu'.  These  will  move  to  the  Wessex  Pinion  Signal 
Averaging  or  Main  menu  respectively. 
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APPENDIX  a  -  SHORT  FORM  GUIDE 


Analyse  Wesser  Tape: 


Copy  a  Floppy  Disk: 

Enter  Text: 

Load  a  Hew  Systea: 

Hove  Cursor: 


Print  a  Phase  Plot: 
Select  Option  or  File: 
Set-up  Hew  Floppy  Disk: 
Shut  Down  Systea: 

Start  Up  Systea: 


Connect  tape  recorder  channel  2  output  to 
filter  channel  1  input.  Connect  recorder 
channel  i|  output  to  filter  channel  2 
input.  Turn  on  filter,  position  tape,  turn 
tape  speed  to  1.5  IPS  and  select  AUTO  from 
WESSEX  menu. 

Select  COPY  FLOPPY  option  in  MAIN  MENU. 
Follow  the  instructions  the  computer 
gives. 

Type  the  text  to  be  entered  and  press 
RETURN  key. 

Select  INSTALL  NEW  SYS  option  from  MAIN 
MENU.  Follow  the  instructions  the  computer 
gives. 

The  arrow  keys  (  |  ,  I  ,  on  the  small 
keypad  to  the  right  of  the  main  keyboard, 
will  move  the  cursor  in  the  direction  of 
the  arrow. 

The  diagonal  arrow  (\)  moves  the  cursor 
to  the  top  left  of  the  screen.  If  the 
cursor  is  already  at  the  top  left,  it  will 
move  to  the  bottom  right. 

NextScrn  and  PrevScrn  will  move  between 
screens  in  multi-screen  options. 

With  the  phase  plot  on  the  screen,  press 
the  key  P. 

Place  the  cursor  on  item  to  be  selected 
and  press  the  RETURN  key. 

Place  floppy  disk  in  drive  and  select  the 
INIT  FLOPPY  option. 

Select  the  EXIT  option.  Turn  off  the 
system  when  instructed  to  do  so,  and 
switch  off  the  power. 

Turn  on  power  and  turn  key  in  system  unit 
clockwise. 
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APPBTOXZ  B  -  CARE  AID  MA UTTERANCE. 

Floppy  Cldcs. 

(a)  ORDERING.  Use  only  8  Inch  Double  Sided,  Double  Density  disks.  A  number 
of  brands  are  available.  Choose  any  of  the  well  known  brands  (e.g. 
Xldez,  Verbatim,  Memorex,  Fuji);  these  are  all  much  the  same.  They 
usually  oome  In  boxes  of  ten.  One  box  should  last  you  a  long  time.  You 
will  get  about  200  signal  averages  on  one  disk. 

(b)  INITIALIZE  all  the  new  floppy  disks  when  you  get  a  new  box.  Place  a 
write  enable  tag  (small  silver  tag  supplied  with  disks)  on  each  disk 
over  larger  of  the  three  notches  in  the  disk  cover.  HINT:  put  a  blank 
label  on  the  initialized  floppy  d) aka  so  you  know  they  are  usable  and 
don't  contain  any  data. 

(o)  Always  store  floppy  disks  in  their  dust  Jackets. 

(d)  Don't  touch  the  surface  of  a  floppy  disk. 

(e)  Don't  leave  floppy  disks  In  the  disk  drive  when  you  turn  off  the 
computer. 

(f)  Store  floppy  disks  away  from  direct  sunlight,  dust,  and  magnetic 
interference  such  as  electrical  equipment. 

(g)  Always  keep  at  least  one  unused,  initialized  floppy  disk  on  hand. 

(h)  Use  only  FELT-TIPPED  pens  to  write  on  floppy  disk  labels. 

(i)  Write  a  label  on  each  used  floppy  disk  so  you  know  what  it  contains. 

(J)  Keep  a  BACKUP  disk  for  each  data  disk.  Copy  the  current  data  disk  to 
the  backup  disk  once  a  week  (using  the  COPY  FLOPPY  command). 


Printer. 

(a)  Paper 

•  Use  normal  fan-fold  (traotor  feed)  computer  paper.  This  can  be 
from  8  to  15  inches  wide  (use  9.5  inch  for  preference).  A  plain 
white  (unlined)  paper  will  give  best  results.  Refer  to  page  97  of 
the  Toshiba  P351  User's  Manual  for  weight  restrictions,  eto. 

•  Refer  to  page  37  of  the  Toshiba  P351  User's  Manual  for 
instructions  on  loading  paper.  For  best  results,  follow  the 
instructions  for  loading  the  paper  from  behind  the  printer. 


You  should  align  the  paper  so  that  the  far  left  edge  is  as  close 
to  the  left  edge  of  the  printer  as  possible. 


11 


(b)  Ribbon 

•  The  print  ribbon  is  of  the  cartridge  type  and  should  last  for  a 
long  time.  When  ordering  ribbons,  make  sure  they  are  of  the 
correct  type  (suitable  for  Toshiba  P351  model  2).  One  box  of 
ribbons  (usually  6  or  10)  will  last  for  a  number  of  years. 

•  When  the  print  becomes  dull  the  ribbon  should  be  replaced. 

•  Refer  to  page  22  of  the  Toshiba  P351  User's  Manual  for 
instructions  on  how  to  replace  the  ribbon. 

(c)  Cleaning 

•  Refer  to  page  62  of  the  Toshiba  P351  User's  Manual  (Care  and 
Maintenance)  for  cleaning  instructions. 

Other  Hardware. 

No  special  maintenance  is  required  for  the  other  hardware  (system  unit, 
terminal  and  filter),  however  these  should  be  kept  clean  and  free  of  dust. 
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APPENDIX  C  -  HARDWARE  INSTALLATION  AND  SET-DPS. 

Hardware  Description 

The  hardware  purchased  to  run  the  RAN  Vibration  Analysis  System  was  chosen 
for  compatibility  with  hardware  already  in  use  at  ARL  on  which  the  system 
software  was  developed.  The  system  consists  of: 

(a)  A  Webster  Spectrum  system  unit  whioh  includes 

An  LSI  11/73  processor 
A  20  megabyte  hard  disk 
An  8  inch  floppy  disk  drive 
-  1  megabyte  of  memory 

A  12-bit  Analogue-to-Digital  Convertor 
A  real  time  clock  unit 

A  multifunction  board  (4  serial  lines  pIub  an  automatic  bootstrap 
unit) 

(b)  A  Visual  240  video/graphics  terminal 

(c)  A  Toshiba  P351  24-pin  dot  matrix  printer/plotter 

(d)  A  Wavetek  brickwall  filter.  This  is  a  dual  channel  low-pass  filter 
which  is  used  as  an  anti-aliasing  filter  for  input  of  analogue  signals 
to  the  Analogue-to-Digital  convertor. 

(e)  Also  required  as  part  of  the  system  is  an  FM  tape  recorder.  The  Bruel 
&  Kjaer  tape  recorders  already  in  use  at  NAS  Nowra  are  suitable  for 
this  purpose. 

Location. 

The  system  should  be  located  in  a  relatively  dust  free  environment  and  away 
from  direct  sunlight.  The  system  unit  contains  two  cooling  fans  with  inlets  at 
the  rear  and  an  outlet  at  the  front  panel.  Both  the  inlets  and  outlet  should 
be  kept  dear  to  allow  sufficient  air  to  flow  through  the  system. 

Connections. 

ARL  has  supplied  all  the  cables  necessary  to  connect  the  system  components 
together.  These  cables  are  labelled,  as  are  the  oonnectors  in  the  various 
components.  Figure  6  shows  the  looation  of  the  connectors  on  the  system 
components. 

Make  sure  that  all  cables  are  securely  connected  and  labelled.  If  any  of 
the  labels  come  off,  re-attaoh  them  or  make  a  new  label  and  attach  this  to 
avoid  confusion  if  the  system  ever  needs  to  be  disconnected  at  a  later  date. 
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The  following  is  a  list  of  the  connections  required: 

Power:  The  terminal  power  plug  should  be  plugged 

into  the  power  outlet  on  the  rear  of  the 
computer.  All  other  plugs  should  go  to 
standard  240  Volt  mains  power  points. 

Terminal  Logio  Unit  -  TOO:  Use  the  cable  marked  TERMINAL  on  one  end 

and  TOO  on  the  other.  Plug  in  and  sec  ore 
the  end  marked  ’terminal'  into  the  'TOO' 
outlet  on  the  terminal  logio  unit.  Plug  in 
and  seoure  the  end  marked  ’VDO’  to  the 
TOO. 

Keyboard  -  Terminal:  Plug  the  keyboard  connecting  cable  into 

the  'keyboard'  outlet  on  the  rear  of  the 
terminal  logio  unit. 

Terminal  -  Computer:  Two  connecting  cables  are  required  between 

the  terminal  and  the  computer.  One  oable 
has  25-pin  plugs  on  each  end;  plug  the  one 
marked  'terminal'  into  the  'COMMS'  port  on 
the  rear  of  the  terminal  logio  unit  and 
seoure  it,  then  plug  the  end  marked 
'oomputer'  into  the  'terminal'  port  of  the 
computer  and  seoure  it.  The  other  cable 
has  a  25-pin  plug  at  one  end  and  a  9-pin 
plug  at  the  other;  plug  the  9-pin 
•terminal  AUX-1*  into  the  'AUX-1 
(Printer)’  port  on  the  rear  of  the 
terminal  logio  unit  and  secure  it,  then 
plaoe  the  25-Pin  'computer  AUX-1 '  into  the 
'AUX-1'  port  on  the  computer  and  secure 
it. 

Computer  -  Printer:  Use  the  oable  with  ends  marked  'printer' 

and  'computer'.  Connect  the  end  marked 
'computer'  to  the  'printer'  port  on  the 
oomputer  and  seoure  it.  Plug  the  end 
marked  'printer'  into  the  25-pin  connector 
on  the  rear  of  the  printer  and  seoure  it. 

Filter  -  Computer:  The  filter  is  connected  to  the  computer  by 

two  BNC  leads.  Connect  'filter  out  1'  to 
'0UT1'  on  the  front  of  the  filter,  oonneot 
'filter  out  2'  to  '0UT2'  on  the  front  of 
the  filter,  oonneot  'ADC  in  1'  to  'ADC  IN 
1 '  on  the  rear  of  the  oomputer  and  'ADC  IN 
2'  to  'ADC  IN  2'  on  the  rear  of  the 
computer. 

Tape  Recorder  -  Filter:  The  tape  recorder  and  filter  are  connected 

by  two  BNC  leads.  Conneot  'filter  in  1*  to 
'INI'  on  the  front  of  the  filter  and 
oonneot  'filter  in  2'  to  'IN2'  on  the 
front  of  the  filter.  The  recorder  will 


probably  be  connected  and  disconnected 
fairly  often,  however  it  is  convenient  to 
leave  the  leads  connected  at  the  filter 
end.  To  oonneot  the  recorder,  connect 
■recorder  out  2'  to  the  channel  2  output 
of  the  recorder  and  'recorder  out  4'  to 
the  channel  4  output. 

Filter  Settings. 

For  Wessex  Pinion  Signal  Averaging,  the  filter  should  be  set  up  as  follows: 

Both  AC/DC  switches  in  the  AC  position. 

Both  Gain  dials  in  the  'O'  position. 

Channel  1  filter  setting:  *4'  »2'  X  '10' 

Channel  2  filter  setting:  *4*  '1'  X  *1* 

These  values  may  change  for  other  analysis  functions  added  in  the  future 
but  for  the  moment,  leave  the  filter  on  this  setting  all  the  time. 

Set-ups. 

The  terminal  and  the  printer  have  a  means  of  setting  a  number  of  options 
which  control  the  way  they  wot*.  These  have  been  pre-set  at  ARL  and  should  not 
have  to  be  changed.  If  either  of  these  items  have  to  be  repaired  or  replaced 
due  to  failure,  the  set-ups  should  be  checked  as  follows: 

Printer:  The  printer  set-up  is  controlled  by  four  banks  of  DIP  switches 

which  are  accessed  by  lifting  the  front  oover.  The  switches 
are  grouped  together  on  the  right  front.  They  should  be  set  as 
shown  in  Figure  7.  Set  the  switches  with  the  printer  turned 
off.  If  you  need  to  use  any  other  printer  for  some  reason,  the 
following  is  a  list  of  the  default  settings  required.  NOTE 
that  any  printer  used  must  have  IBM  or  EPSON  graphics 
compatibility  -  otherwise  the  software  will  not  drive  it. 

Communications  -  X0N/X0FF  protocol,  9600  Baud  (BPS),  8  data 
bits,  1  stop  bit,  no  parity. 

Print  modeB  -  11  inoh  form  (66  lines),  Bi-Directional 

printing,  truncate  long  lines,  IBM/EPSON  esoape  sequences,  DSA 
character  set,  High  quality  prestige  Elite  font,  12  Characters 
per  inoh. 

Terminal:  The  terminal  is  set  up  using  in-built  menus.  Any  terminal  used 

with  this  system  must  be  DEC  VT240  compatible.  In  order  to 
access  the  menu,  run  the  terminal  by  itself  by  plugging  the 
terminal  into  a  normal  power  point  instead  of  the  computer 
power  outlet.  Press  the  key  marked  SET-OP  on  the  top  left  of 
the  keyboard.  Tou  should  see  a  line  across  the  bottom  of  the 
screen  with  a  number  of  options  in  reverse  video.  Use  the 
arrow  key  to  move  the  highlight  to  the  'Directory'  option  on 
the  far  right.  Now  press  the  ENTER  key  on  the  bottom  right  of 


the  keyboard.  You  should  now  see  the  Directory  Menu  (Figure 
8(a))  which  has  a  number  of  options  which  go  to  other  set-up 
menus  (Display,  Communications  etc.).  Refer  to  Figure  8  which 
shows  how  each  set-up  menu  should  look  (except  the  ADI  menu, 
which  is  not  used).  Oo  to  each  menu  in  turn  using  the  arrow 
keys  and  ENTER  to  select  each  option.  Make  sure  that  each  menu 
has  the  same  settings  shown  in  Figure  8.  To  change  a  setting, 
more  the  highlight  onto  it  and  press  ENTER;  this  will  toggle 
through  the  available  settings  -  stop  when  it  is  the  same  as 
that  shown  in  Figure  8.  When  the  setting  is  correct  return  to 
the  main  set-up  directory  by  selecting  the  'Directory'  option 
and  then  seleat  the  next  set-up.  When  all  the  set-ups  are  as 
shown  in  Figure  8,  select  the  'SATE*  option  in  the  main  set-up 
directory  and  press  ENTER.  The  settings  will  now  be  saved  and 
will  not  have  to  be  changed  again. 
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APPEnOX  D  -  SYSTEM  FAILURES . 

Software 

Although  all  care  has  been  taken  by  ARL  to  ensure  that  you  should  not  have 
any  problems  with  the  software,  there  is  a  ohanoe  that  the  software  contains 
some  'bugs'  which  have  not  been  found  or  that  you  do  something  unexpected 
which  causes  the  system  to  'crash'. 

In  either  case,  you  should  inform  ARL  of  the  problem  and  we  should  be  able 
to  modify  the  software  and  send  you  an  updated  system  curing  the  problem.  In 
the  interim,  you  should  be  able  to  restart  the  system  by  pushing  the  RESTART 
button  on  the  front  of  the  system  unit.  Make  sure  there  is  not  a  floppy  disk 
in  the  drive  when  you  do  this.  Depending  on  where  the  fault  occurred,  you 
should  not  lose  any  data.  If  the  problem  was  in  the  AUTO  routine,  you  may  have 
to  read  in  the  tape  again  -  check  if  a  new  signal  average  was  oreated  by  using 
the  SELECT  rlLE  option.  If  a  file  was  oreated,  select  it  and  run  the  Analyse 
Average  option  if  required. 

Hardware. 

If  the  system  'crashes',  it  may  not  be  a  software  fatilt  but  some  problem 
with  the  hardware.  This  is  a  lot  more  difficult  to  diagnose.  If  the  system 
does  not  start  up  normally  (i.e.  does  not  ask  for  the  date  and  time  or  does 
not  show  the  system  menu),  then  there  is  a  good  chance  that  the  hardware  is  at 
fault  and  you  will  have  to  call  a  computer  technician.  He  should  be  able  to 
track  down  any  hardware  fault  and  replace  a  component  if  required. 

IOTE:  If  the  hard  disk  requires  replacing  you  will  have  to  re-load  it  with 
the  operating  system  as  well  as  the  current  vibration  analysis  system.  This 
requires  that  the  hard  disk  is  first  formatted  and  checked.  The  computer 
technician  who  installs  the  disk  should  do  this.  After  the  disk  has  been 
formatted  and  checked,  place  the  floppy  disk  marked  'RT11  (HAS)  SYSTEM  DISK  1' 
(supplied  with  the  system  by  ARL)  in  the  floppy  disk  drive  with  the  computer 
turned  OFF  and  then  turn  the  computer  on  (make  sure  that  everything  is 
connected  -  see  INSTALLATION).  The  computer  will  instruot  you  what  to  do  from 
here.  You  will  have  to  Insert  a  number  of  disks  -  make  sure  they  are  the  exaot 
ones  the  computer  asked  for,  otherwise  the  system  may  not  perform  correctly. 

If  any  of  the  other  hardware  is  replaced,  make  sure  it  is  set-up  correctly 
as  detailed  in  'INSTALLATION'.  Any  Internal  boards  replaced  should  be 
configured  by  the  technician  to  be  identical  to  the  one  removed. 
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APPHTOU  B  -  MOTHS  THE  STSTBf. 

If  the  computer  needs  to  be  moved  to  another  site,  the  hard  disk  must  be 
positioned  on  the  SHIPPING  ZONE  to  avoid  loss  of  data  or  damage  to  the  heads. 
To  do  this,  you  will  need  to  use  a  system  utility  which  manages  the  hard  disk. 
Follow  these  instructions  EXACTLY: 

(a)  Select  the  EXIT  option  as  you  would  normally  do  before  shutting  down 
the  computer. 

(b)  When  the  line  ’EXIT  SYSTEM  -  Are  you  sure  (Y/N)’  appears,  type  in  HD 

and  press  the  RETURN  key.  This  will  run  the  system  hard  disk  utility 
(which  is  actually  called  Wombat). 

(c)  You  will  see  a  number  of  options  listed  and  you  will  be  prompted  to 
seleot  one.  Enter  the  number  5  and  press  RETURN.  This  should  be  listed 
as  'Position  Head  on  Shipping  Zone.*  If  another  number  appears  in 
front  of  this  entry,  then  enter  the  other  number  instead  of  5.  The 
computer  will  respond:  'Disc  Head  now  on  SHIPPING  ZONE',  and  then 
repeat  the  menu.  DON'T  RUN  ANY  OTHER  OPTION  as  this  may  cause  data  on 
the  hard  disk  to  be  lost. 

(d)  Turn  off  the  computer. 

The  floppy  disk  drive  heads  also  need  to  be  protected  during  transport.  To 
do  this,  place  the  cardboard  head  protector  whioh  came  with  the  computer  in 
the  disk  drive.  If  you  have  lost  this,  place  an  UNUSED  floppy  disk  in  the 
drive  and  close  the  door  -  label  this  floppy  disk  'Head  Protector*  and  don't 
use  it  to  store  data. 

When  transporting  the  system,  try  not  to  subject  any  of  the  components  to 
undue  shock.  If  the  system  is  being  moved  some  distance  (so  it  will  not  be 
carried  by  hand)  then  it  should  be  re-packed  in  the  original  boxes. 

Refer  to  the  INSTALLATION  appendix  to  set-up  the  system  in  its  new 
location. 
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FIGURE  3  -  Analysis  of  Signal  Average. 
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FIGURE  4  -  phase  Plot  of  Pinion  without  crack 


FIGURE  5  -  Phase  Plot  of  Cracked  Pinion. 
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FIGURE  8  -  Terminal  Set-Ups  (continued) 
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